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Antibiotics are among the most important class of therapeutics to treat life threatening diseases, 
however, the emergence of multi-drug resistance bacteria is a serious threat to public health. 
Since conventional antibiotics are becoming resistant to all approved antimicrobial drugs, there 
is an urgent need to find alternative therapeutic agents. Antimicrobial peptides (AMPs) are 
naturally occurring host peptides produced by various organisms, as part of the non-specific 
immune response to defend against microbes. They have received great attention serving as a 
new class of antimicrobial agents, to counter multidrug resistance because of their broad 
spectrum activities against microorganism and low propensity to develop resistance. 

By focusing on developing optimized peptide designs using computer assisted approaches and 
applying advanced bioinformatic tools to consider factors such as peptides physical stability in 
physiological condition, and reduced toxicity to host cells, AMP can fulfill in the future as 


promising next generation antibiotics to fight drug resistant bacteria. 


Introduction 


Antibiotics are one of the fascinating discoveries of the 
twentieth century. Since the development of first 
antibiotic penicillin, they are widely used as a magic 
bullet against various life threatening infections for over 
100 years and have improved the quality of life with the 
availability of a diverse range of antibiotics to people [1- 
3]. However, their misuse including the application of 
powerful and broad spectrum drugs, the presence of 
antibiotics in the food industry has led to the bacterial 
resistance against various antimicrobial agents and caused 
the emergence of multi-drug resistance microorganisms 
(resistance against three or many antimicrobial drugs) [4]. 
Strains of the important human pathogen as 
Mycobacterium Tuberculosis, pseudomonas aeruginosa 
and Acinobacter baumannii have showed increased 
resistance to almost all the available conventional 
antibiotics [5,6]. 

A lot of mechanisms have been involved in bacterial 
resistance process including the mutation or enzymatic 
activation that results in the altered target protein, 
acquiring genes from other bacteria to express less 


susceptible targeted proteins, and also acquire mobile 
genetic elements including transposons or plasmids [7]. 
Meanwhile, a synthetic antibiotic Linezolid was also 
developed, to tackle the outbreaks of M. Tuberculosis and 
S. aureaus, but, the reported resistance cases have 
diminishes the hopes that were relied on it [8,9]. Despite 
continuous efforts, multiple drug resistance is still a 
serious global concern, particularly a severe medical 
threat to developing nations resulting in economic burden 
and increase mortality rate. It is estimated that global 
death due to antimicrobial resistance would reach to 10 
million by 2050[10]. Another alarming factor in this 
regard is the markedly low number of Food and Drug 
Administration FDA) approved antibiotics in last 20 years 
[11] and the antibiotic research is declined to such an 
extent that only two antibiotics have been approved since 
2008. Only four pharmaceutical companies are operating 
drug development process, in contrast to 18 in 1990 [12]. 
Therefore, it is critical to seek and develop alternative 
antimicrobial agents on an urgent basis. 

Antimicrobial peptides (AMPs) have become a promising 
candidate and have received notable attention as a novel 
class of antibiotics. They are peptides naturally produced 
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by all organisms including prokaryotes to human beings 
in response to foreign microbes and have a role in innate 
specific defense system and provide instant non-specific 
defense against infections [13, 14]. They have a broad 
spectrum of activity against a wide range of 
microorganism including Gram negative and Gram 
positive bacteria, fungi, parasites and viruses [13-16]. 

In antimicrobial peptide database, about 2300 AMPs have 
been reported, around 500-600 candidates are in pre- 
clinical processes [17] however, none has received FDA 
approval for therapeutic use, except few approved only 
for tropical use. Although there is no drug currently in the 
market based on AMP, however, their selectivity, natural 
antimicrobial properties, low propensity to develop 
antimicrobial resistance make them an attractive 
candidate for clinical development as new antibiotics 
[18]. In this review, we discuss their potential as a 
therapeutic agent, different strategies including chemical, 
computational and bioinformatic tools used to improve 
their antibiotic drug development process. 


Structure and general characteristics of AMPs 


Antimicrobial peptides are short polypeptides with less 
than 50 amino acid residues, typically between 15-40 
amino acid residues [19], net positive charge mainly due 
to an excess of positively charged amino acids arginine, 
lysine, and histidine, contain 50 % hydrophobic amino 
acids and constitute an amphipathic structure [20]. 

In humans, AMPs activity was initially explored in early 
1960’s, that cationic peptides were responsible for 
assisting neutrophils in eradicating bacterial cell [21]. 
Synthesized in various parts of organisms, they act as 
regulators and effectors of innate immunity and perform a 
broad range of activities; such as in the production of 
chemokine and its release by epithelial and immune cells, 
exert anti-apoptotic effects on certain immune cells, 
stimulate wound healing and angiogenesis, and involved 
in adjuvant activity to increase antibody production[22- 
24]. AMPs are also able to kill biofilm production, and 
attract phagocytes chemotactically and induce non- 
opsonic phagocytosis [25-27]. 

Due to their cationic nature, they selectively interact with 
the negatively charged membrane of microorganism, 
disturbing the membrane structure [28, 29]. Cationic 
AMPs diffused to the lipopolysaccharide and teichoic 
acid based negatively charged surfaces, in the initial stage 
as shown in Figure 2. [24, 30]. After binding the 
membrane, they undergo a conformational change, which 
allows the peptide to translocate into the interior of the 
bacterial cell [31]. 

According to the chemical structures and sequence 
diversity reported they are categorized into one of the 
four main structural groups: Linear structure mostly alpha 
helical peptides, B-strand/sheet peptides having two or 
more disulfide bridges, extended non-helical linear/sheet 


peptides rich in Lys, Trp, and His residues, and mixed 
helical sheet peptides structures (Figure 1). Among these 
structures, AMPs adopt mostly alpha helical 
conformation. Most peptides undergo a transformation 
from a flexible unstructured structure to a particular 
structured or fixed conformation when they interact with 
a membrane. A change in single or double amino acid has 
a substantial effect on the secondary structure of peptide 
that also influences its activity [54, 79]. 
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Figure 1. Structural forms of Antimicrobial peptides 
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Figure 2. Antimicrobial peptides mechanism of action. 
Cationic AMPs binds the negatively charged bacterial 
membrane, diffuse and internalize into intracellular targets 
leading to cell death and use any of these mechanisms. (1) 
Toroidal pore model (2) Aggregate model of action (3) 
barrel-stave. 


Mechanism of Action 


There are many proposed mechanisms of action for 
AMPs, but the exact mechanism is still unclear [32]. A 
better understanding of the molecular mechanism for the 
mode of action will assist to develop better drugs. 
Different studies suggested that their mode of action is 
predominantly based on their structural features. The 
hydrophobicity, cationic charge, amino acid sequence, 
size, influence their interaction with negatively charged 
bacterial membranes [33]. 

In fact, the difference between the bacterial and 
eukaryotic membranes is the reason why only bacterial 
cells are vulnerable to AMPs and are killed. As bacterial 
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membranes are densely populated by negatively charged 
phospholipids, whereas eukaryotic cells are less 
susceptible to these peptides because they contain neutral 
phospholipids [1, 34]. Interaction with bacterial 
membrane leads to unsettle membrane, this perturbation 
eventually results in disturbing membrane associated 
events including cell division or cell wall synthesis and 
restriction in translocation process. As a result of this 
interaction, AMP is inserted into the lipid bilayer and in 
turn, lead to lipid displacement. Change in bacterial 
membrane structure includes pore formation, electrostatic 
modifications, curvature modification and severe 
perturbations that shuffle the membrane peptide 
molecules. Hence, the peptide bypasses the membrane 
and ultimately reach the cytoplasm to influence 
intracellular targets [35]. 

Several mechanisms have been proposed that depicts a 
method of pore formation such as; the toroidal pore 
model, the barrel-stove model, the carpet model and 
aggregate model as shown in figure 2. [36-38]. In the 
toroidal model, the pore is formed due to the interaction 
between hydrophobic residues of the peptide with 
hydrophobic residues of bacterial membrane. In the 
barrel-stave model, AMP interacts laterally with the 
membrane forming a stave in a barrel-shaped cluster, as 
the peptide consistently move, pore size increases 
resulting in the release of the cellular content of the cell 
[37]. Carpet model includes the aggregation of AMP on 
the membrane surface mainly through electrostatic 
interaction. As the peptide concentration reaches a 
specific threshold, changes in membrane structure occur, 
either a reduction in membrane barrier or in fluidity 
results in permeabilization [39, 40]. However, there is not 
a specific model that is applicable to a particular peptide- 
membrane interaction, but various factors lead to pore 
formation. Cell death, as a result of pore formation, 
occurs due to; membrane dysfunction, inhibition of 
extracellular biopolymer synthesis or intracellular 
functions [40]. 


Potential as therapeutics 


Due to complex and multi target mechanism of action, 
AMPs are distinguishable from conventional antibiotics 
and make them an ideal candidate to generate new 
antimicrobials [41]. A number of factors back this strong 
narrative such as their synergistic effects with 
conventional antibiotics, relatively small size, 
neutralizing endotoxin ability, considerable minimum 
inhibitory concentration [MIC], manifest that they are 
highly prone to kill bacterial cells. They have 
demonstrated potent activity against bacterial biofilms 
too, which also showed resistance to traditional 
antibiotics. In addition, AMPs have also shown a wide 
range of antiviral properties in vitro studies [42]. 


In malignant cancer cells, multidrug resistance (MDR) is 
a major mechanism of drug resistance. Few AMPs 
displayed cytotoxic activity against MDR cancer cells. 
They were able to kill cancer cells rapidly, had lower side 
effects with easier absorption [17]. For their therapeutic 
use in cancer, they are mandatory to perform specific 
anti-cancer activity alongside stability in serum [34, 43]. 
A better understanding in this area would definitely 
contribute cancer research. 

On the commercial side, several companies are 
conducting clinical studies. Around 40 compounds are in 
active clinical development. [44]. A number of synthetic 
peptides have entered in clinical trial phase and about 15 
peptides are in crucial decisive stages of these clinical 
trials as antimicrobial agents. [35]. 

Though several AMPs have developed for commercial 
applications, but large efforts have only restricted to 
develop tropical agents. A major reason would be the 
safety of topical application and possible consequences of 
long term side effects may cause due to systematically 
administered peptide[34]. Few of the extensively 
researched peptides in clinical trials are P-113( Histatin), 
MSI-78( Pexiganan), MBI-226 (Omiganan), IB-367 
(Iseganan), rBP121 (Nuprex), but none have yet received 
FDA approval to use as a systemic therapeutic agent and 
are limited only to administered topically (Table 1). Most 
of them passed phase I clinical trials but faced difficulties 
in phase II and phase III trials [45]. In 2003, FDA 
approved Daptomycin, to treat skin infections. It is a 
cyclic lipopeptide and is marketed under trade name 
CUBIN ®. Moreover, Novozyme company found an 
active antimicrobial peptide, Plectasin NZ2114 peptide 
derivative, and granted Sanofi-Aventis license to produce 
and commercialize this compound in yeast Pichia 
pastoris. This is expected to be the first AMP expressed in 
yeast to be approved for market in future [34,46 ]. 


Limitations of AMPs in clinical studies 


AMPs have several advantages that make them ideal 
candidate as therapeutic agents for new antimicrobial 
development, but they have certain limitations which 
need to overcome prior to their therapeutic usage. 

The first hurdle is their possible toxicity to host cell. 
Although, bacterial membrane contains negatively 
charged phospholipids, a direct target for AMP, whereas 
the human membrane is composed of zwitterionic 
phospholipids. However, there are reports where AMPs 
have directly interacted with host cells and have lysed 
them [47]. Moreover, AMP can also attack human 
microflora and cause infection due to the absence of 
normal flora[48]. They can also bind to various 
components of host cell surfaces including membranes, 
extracellular matrix. As a result, clinical trials are only 
restricted to topical applications instead of oral 
administration [49]. Another notable hurdle is their 
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physical stability under physiological conditions. They 
can be degraded by proteases and are susceptible to 
serum, salt, and pH [45]. As AMPs need electrostatic 
attraction with microbial membranes to bind and this step 
can be effected by the ionic strength of the solution. 
Therefore human fluids carrying high salt concentration 
neutralize AMPs and restrict their electrostatic 
interactions to bind [50]. Furthermore, their linear 
structure is easily prone to proteolysis by host proteases, 
also the serum proteolysis capacity is very high which 
provide strong resistance to AMP activity, another reason 
why they are only administered topically to skin 
infections and other physical maladies.[51]. Lastly, a 
major limitation that impedes the development of AMPs 
is their high production cost, in contrast to conventional 
antibiotics. Other technical issues including the synthesis 
and purification process also facilitate high cost [52]. 


Strategies and Physical factors to consider for 
designing new anti-infective therapeutic drugs 


Literature data suggest, there is marked diversity in the 
AMPs mode of action, host selection and their intensity 
of activity even with similar structures. Therefore their 
physiochemical properties such as size, charge, solubility, 
hydrophobicity are important for their antimicrobial 
activities and at the same time these factors need to 
consider alongside different strategies to combat their 
major hurdles and limitations including physical stability, 
toxicity, high production cost in the therapeutic 
development process. We review steps considered in 
addressing these factors. 


Length and net charge 

Length is crucial to peptide activity, as it needs 
minimum7-8 amino acids to form an amphipathic 
structure carrying hydrophobic and hydrophilic faces. 
Length also influences the 3-D structure, mode of action 
and cytotoxicity, therefore it needs to consider during 
drug development process [53]. Besides length, 
modification in net charges of AMPs, that includes the 
addition or removal of certain ionizable groups of 
peptides influences antimicrobial and hemolytic activities 
[54]. 


Enhancing Physical stability of AMPs 

Cyclization of AMPs by linking their C- and N- terminus 
is a known method to enhance their bactericidal activity. 
This bulkiness due to cyclization makes peptide less 
prone to proteases as compared to a linear structure, 
which is more susceptible to proteases [55]. Vogel et al 
investigated cyclization and end capping effects on the 
stability and found that cyclization was highly effective 
for peptides antimicrobial activity and serum stability, 
whereas end capping had contradictory effects against 


proteolytic stability [56]. Incorporation of chemical 
compounds including the fluorinated derivatives of 
buforin and magainin is said to improve AMPs stability 
with two fold increase against the proteolytic action. It is 
assumed that steric occlusion could be the reason behind 
this stability, but further investigation in this regard 
would validate the exact reason [57]. 

Several modification strategies have taken to prevent 
peptide degradation. Reducing cationic residue content, 
since fast degradation of AMP often results from cationic 
residues primarily Arg and Lys in sequence 
[58].Modification by changing amino acid content is 
another important strategy used, based on exploiting 
physiochemical properties of specific amino acids, for 
instance, high proline content is supposed to have a 
negative influence on penetration in cell membrane due to 
its less tendency to form alpha helical structure [59]. 
Similarly, the introduction of D- or non-natural amino 
acids protect the peptides from proteolytic degradation, as 
host proteases easily hydrolyze existing L- amino acids 
[60]. Furthermore, the end modification of N-terminus 
and C- terminus through amidation or acetylation can also 
increase stability against proteases [61]. In addition, the 
development in peptide synthesis has made it possible to 
incorporate specific chemical groups at the end of the 
peptide. A modified PMAP-23 with amidation at C- 
terminus showed 10 fold high cellular uptake and fast 
interaction with bacterial cells in contrast to original 
PMAP-23 [62]. Also, several amino acids have more 
tendencies to form helix structure, therefore modification 
of the amphipathic ratio in AMPs will improve their 
stability. 


Reduce Toxicity 

Toxicity is attributed to high hydrophobicity which leads 
to hemolysis. Change in hydrophobicity can confer AMP 
selective activity against microorganism [45]. The ratio of 
antimicrobial activity and hemolytic activity is expressed 
as a therapeutic index, so a high therapeutic index is 
needed to avoid hemolysis of host cells. Therefore, it is 
crucial to utilize non-hemolytic AMPs as the seed 
compounds [63]. 

Computational methods using knowledge based designs 
create highly selective AMPs, based on information from 
previous known AMPs, provide a promising strategy to 
develop high bacterial selectivity peptides [64, 65]. 
Further advancement in antimicrobial databases would 
assist researchers to retrieve a vast amount of information 
on the basis of important peptide parameters such as 
charge, amino acid content, composition, hydrophobicity 
to design novel AMPs [66]. 

Gram nature-selective AMPs can be used to thwart Gram 
negative bacteria by attacking the outer membrane 
lipopolysaccharides. These cyclic AMPs bind and 
interfere at LPS-binding sites to inhibit membrane 
synthesis [67]. Fusion peptides are also used to target 
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specific species, providing high selectivity. These fusion 
peptides comprised of two domains, one provides specific 
binding to the desired pathogen and the other render 
bactericidal action. Specificity towards pathogen is based 
on cell wall structure, membrane receptor, or 
hydrophobicity . This peptide also selectively eliminates 
normal flora from pathogenic bacteria [66]. Similarly, 
protease activated AMPs and environmental sensing 
AMPs have been designed that are activated when 
virulent proteases are secreted by pathogenic bacteria or 
sense environment changes like acidic or physiologic pH 
change respectively [68, 69]. 

To overcome toxicity and stability issues other techniques 
are also deployed including; polymeric nanoencapsulation 
of AMPs using nanoparticles and nanospheres; 
PEGylating peptides; liposomal formulations and 
induction of new drug delivery system would strengthen 
AMPs therapeutic activity and stability [53, 70, 71]. 


High production Cost 

High production cost can be resolved by the production of 
smaller peptides with high stability. Also, machine 
learning approaches have produced bioactive peptides 
alongside broad spectrum activity. Further exploration 
would certainly provide positive outcomes 
[35].Moreover, development of compatible expression 
hosts, for instance, yeast in the case of plectasin, will also 
help to reduce production cost. 


Synthetic AMPs 


Antimicrobial peptide databases have provided a valuable 
knowledge base for quantitative and qualitative prediction 
models. These models have contributed to design 
synthetic AMPs, like adepantins [72]. These approaches 
utilize previous data or predicted sequences to design 
peptides with desired properties. Three of these studies 
including template based strategies, biophysical studies, 
and virtual screening studies are discussed here. 

In template based study, a known AMP template 
sequence is used to create peptides with high antibacterial 
activity based on modifying amino acid sequence. Single 
amino acid is changed or their position is altered to 
explore superior peptide performance. [73] Biophysical 
study seeks to study AMP activity and different variant 
designs by analyzing peptide structures through 
biophysical modeling peptides at the atomic level or their 
performance in hydrophobic environment. These 
computational based studies include thermodynamic 
calculations of AMP interaction, molecular dynamics 
simulation between the peptide and bacterial membrane 
interactions [74]. These approaches have successfully 
applied in optimizing drug designs [75]. Virtual screening 
offer cost-effective alternative when synthetic and 
biological science strategies are exhaustive to apply. They 
only require primary sequence to imply peptide 


structures. The result is not model based as in the case of 
computational studies, but it utilize mathematical models 
to infer quantifiable peptide properties including 
hydrophobicity, charge, and then subsequently relate with 
peptides biological activity using virtual screening 
models including quantitative — structure—activity 
relationship models (QSAR models). These numerical 
models decipher biological activity of peptide as output 
variable [76, 77]. 

In addition to synthetic design strategies discussed, 
bioinformatics has also emerged as a remarkable tool in 
discovering new drug targets. These computer science, 
mathematical, statistical, high-throughput computational 
and bioinformatic tools are merged and are providing 
substantial benefits to researchers  [78].These 
bioinformatic tools carry multiple options to retrieve 
primary data as homology searches, phylogenies, 
sequence alignment and then analyzed with different tools 
such as Swiss Model, Rosetta, HHpred, and I-Tasser to 
predict secondary structures. Using these powerful 
bioinformatic tools predicts a promising role in 
antimicrobial therapeutic development [79]. 

Synthetic peptides are becoming interested in drug 
development domains because short, synthetic peptides 
can be developed and they can meet systemic regulation 
objectives, are short so reduce cost and stability issues. 
This interest was initiated in early 1992 when a synthetic 
peptide containing Leu and Lys were reported and active 
against Gram negative and gram positive bacteria. Many 
of the synthetic AMPs have also entered in clinical 
development phases and at least 15 peptides are in 
different stages for instance adepantins (automatically 
designed peptide antibiotics) is already developed. Some 
of the synthetic short peptides such as Pac-525, MP196, 
Anoplin showed the ability to permeabilize and penetrate 
bacterial membranes, also were highly specific. Recently 
arylated-amino acids such as Trp exhibited low hemolytic 
activity with improved performance than its counterpart 
[81]. There are various reports that reveal 29 AMPs had 
potent activity against Mycobacterium tuberculosis, 
Enterococcus faecalis, and Salmonella typhimurium with 
MIC values in the 0.8-11.5uM range, three synthetic 
AMPs particularly (WKWLKKWIK, WRKFWKYLK, 
and RRWRVIVKW) found non-toxic to human cells 
[82]. A synthetic peptide (APKAMKLLK 
KLLKLQKKGI) showed stability and maintained its 
structure in a high salt concentration. Two tripeptides 
lysine-Dproline-tyrosine-NH2 and _ lysine-proline-valine- 
NH2 were initially inactive against E.coli, S. aureus and 
yeast, but when modified by N-terminal acetylation, a 
2000 fold increase activity was observed [83]. Eckert 
inducted a D-amino acid enantiomer, GI1OKHc-D, to 
protect the peptide against serine proteases [83]. 


Probability of bacterial resistance 
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We can’t ignore the probability of bacterial resistance. 
Although they have a low propensity to develop 
resistance, but modifications in the bacterial membrane 
have shown resistance mechanism [80]. These include 
cell surface modifications with reduced anionic charge, 


which inhibits peptide to aggregate on the membrane, 
degradation by proteolytic enzymes, variation in cell wall 
hydrophobicity, membrane fluidity and membrane bound 
efflux pump cause expulsion of the peptides [7]. 


Table 1. Important Antimicrobial peptides in clinical trials 


Name and peptide Company Application Clinical trial phase, outcome and recent events 
sequence 
Pexiganan Genera Plymoth, Topical Antibiotic Phase III trials demonstrated no advantage over existing 
(MSI 78) Dipexium- therapies. Another phase III onestep-1 and onestep-2 
Pharmaceuticals trials by Dipexium Pharmaceuticals completes for 
Diabetic foot ulcer in the USA (NCTO01594762; 
NCT01590758) 
GIGKFLKK 
AKKFGKA 
FVKILKK 
Omiganan Migenix/ Severe Acne, Phase III trials unsuccessful, Phase IT showed 
Cutanea- notable efficacy. Cutanea Life Sciences completes a phase 


Life Sciences 


ILRWPWW PWRRK 
Iseganan ( IB-367) Ardea Oral mucositis, 
Biosciences Pneumoniae 
RGGLCY 
CRGRFC 
VCVGR 
Neuprex Xoma Impetigo, 
meningococcemia 
KLFR-(D-naptho- 
Ala)-QAK-(D-naphtho- 
Ala) 
Histatins Demegen Oral candidiasis 
(P-113) 
AKRHHG 
YKRKFH 
hLF1-11 AM-Pharma Bacteraemia, 
Fungal infection 
GRRRRS 
VQWCA 
CZEN-002 Zengen Vulvovaginal 
Candidiasis 
(CKPV)2 
OP-145 Leiden Otitis media 
University/ 
Octoplus 
IGKEFKRIVERIK 
RFLRELVRPLR 
Delmitide Genzyme Bacterial infections 
RXXXRX 
XXGY 


(X=norleucine) 


II trial for Acne vulgaris recently (NCT02571998) and 
plans a phase II trial for Vulvar intraepithelial neoplasia 
(NCT02596074).Phase II clinical trials as a topical agent 
in genital wart in Netherland (EudraCT2015-005553-13) 


Phase III trials showed no advantage over existing 
therapies 


Phase III trials of meningococcemia in children and no 
development reported yet. 


Phase IIb trials with candidiasis demonstrated positive 
results, phase IIb trials increase in 34% endpoint efficacy 
level. Phase III trials not initiated yet. 


Positive phase I. Under phase II trials for bacterial and 
fungal infections 


Still no development reported in phase-II clinical trials 


Efficacy in phase Il trials completed 
(ISRCTN84220089) but phase III trials still not Initiated 


Phase II trials completed (ISRCTN84220089). 
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In contrast to these mechanisms, there is an optimistic 
perspective that even if resistance occur, AMP would 
tend to develop very low level induced resistance since 
cationic peptides directly bind to the negatively charged 
membrane through electrostatic binding. Secondly, their 
function as a modulator of innate immunity where they 
have a broader role, as compared to acting only against 
bacterial membrane suggests increased resistance is hard 
to develop [10]. 


Conclusion 


The desperate need to tackle multidrug resistance bacteria 
has thrived Antimicrobial peptide research to develop 
them as a new class of antibiotics is highly promising. 
Their mode of action, broad spectrum activity, ease to 
synthesize, along with additional biological functions in 
immune response make them a potential candidate for 
anti-infective therapeutic development and use. However, 
there are few limitations that demand attention prior to 
their clinical use, and only after resolving these issues 
their significance as an alternative antibiotic would be 
realized. These factors include high production cost, 
toxicity, and solubility in physiological conditions. The 
Scientific community and pharmaceutical companies are 
working aggressively to cope these issues. Therefore, we 
are optimistic that with technological advancements, 
innovative computer-assisted peptide design strategies, 
high-throughput genomics, and advanced bioinformatic 
tools will facilitate to identify more cost effective peptide 
sequences that are highly active without associated 
toxicity, will significantly boost using AMPs as next 
generation therapeutic antibiotics. 
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